The importance of reproductive factors in the aetiology of breast cancer is well recognized, with one of the most established risk factors being a late age at first full-term birth (MacMahon et al., 1970a) . A number of relationships, however, remain unclear, including the extent to which risk is affected by pregnancies that occur at extremely late maternal ages or those that terminate early in gestation. Although it is generally regarded that births after the first exert little, if any, additional effect on risk, recent studies have suggested that extreme multiparity may confer an effect independent of that associated with late age at first birth (Thein-Hlaing & Thein-Maung-Myint, 1978; Tulinius et al., 1978) . Furthermore, Pike et al. (1981) reported an increased risk among women who experience a first trimester abortion prior to the first full-term pregnancy. To assess further the relationship of various reproductive factors to breast cancer risk, we analyzed data from a large case-control study conducted among participants in a nation-wide breast cancer screening programme.
Methods
Study subjects comprised participants in the Breast Cancer Detection Demonstration Project (BCDDP), a multi-centre breast cancer screening programme involving over 280,000 women at 29 widely dispersed centres. This programme, jointly sponsored by the American Cancer Society and the National Cancer Institute, recruited women between Correspondence: L.A. Brinton Received 16 December 1982; accepted 7 March 1983. 1973 and 1975 for a 5-year programme of annual breast examinations by the combined modalities of clinical examination, mammography and thermography. The present investigation, which utilized a case-control methodology, included as eligible cases women at 28 centres whose breast cancer was detected during the period July 1973 to May 1977. Control subjects were selected from women who had not received either a recommendation for biopsy or a biopsy during the course of screening participation. The controls were chosen to be comparable to the cases on centre, race (white, black, Oriental, other), age (same 5-year group), time of entry (same 6-month period) and length of continuation in the programme (controls thus had as many years of screening as did cases).
Home interviews were conducted by trained nurse interviewers. Completed interviews were obtained from 1,375 controls (74.2% of eligible subjects) and 1,552 cases (86.1%). The lower response rate for controls than for cases was primarily due to controls being unlocatable or having moved too far away for interviews to be conducted (12.9% of controls vs. 5.0% of cases) and to their refusing more frequently to be interviewed (10.5% vs. 4.6%). In addition, 2.4% of the controls and 4.3% of the cases were deceased. Women who were interviewed, however, were not found to differ significantly from those not interviewed with regard to a number of factors determined for each woman at the time of entry to the screening project, including age, race, family income and history of benign breast surgery.
Since all interviews were conducted in 1978, the cases were interviewed at various intervals after diagnosis (74% were interviewed within 3 years of diagnosis (Gart, 1970) . For multiple levels of exposure, significance was assessed using a one-tailed linear trend test (Mantel, 1963) . Multivariate analyses, using a disease probability logistic model (Breslow & Powers, 1978) , were also employed to simultaneously control for numerous potential confounding variables.
Results
The age distribution of subjects in this study was In view of this finding and a previous report that showed an elevated breast cancer risk among women experiencing a first trimester abortion prior to a full-term birth (Pike et al., 1981) , we examined the timing of miscarriages and other terminated pregnancies of short gestation in relation to the occurrence of a first livebirth (Table IV) . This revealed similar risks for women with a short-term pregnancy (<4 months) prior to a first livebirth (1.2) and those with a short term pregnancy afterwards (1.1). However, those with multiple terminations (2+) prior to a first livebirth were at a higher (1.9), although non-statistically significant, risk. Examination of whether these pregnancies terminated because of miscarriage or induced abortion revealed that few women reported a prior induced abortion (16 cases, 15 controls); thus, the excess risk was primarily due to multiple miscarriages (RR = 2.2, 0.9-5.1). This association, in fact, seemed to explain the previously observed (see Table II tNumbers of cases are shown in parentheses.
during the same year as marriage. However, the relative risks associated with age at first livebirth were unaffected by control for the interval between marriage and first birth.
Information was also available on whether parous women had ever breast fed. A history of ever having breast fed any children was associated with a relative risk of 0.9 after adjustment for age at first livebirth (Table VII) . In addition, for those who had breast fed, information was available on whether all children had been nursed. There was little difference in risk according to whether all or only some of the children had been breast fed. Analysis also considered the effects of whether the study subjects themselves had been breast fed as infants; this revealed no excess risk associated with such a history (RR = 0.9). This estimate was not altered by adjustment for the mother having developed breast cancer, despite slightly different risks associated with having been breast fed for those with (RR = 1.3) and without (RR = 0.9) such a family history. tRelative risks are adjusted for age at diagnosis of study subjects.
Discussion
Although it has been well established in previous studies that a late age at first childbirth increases the risk of breast cancer, the extent to which this event alters risk has not been fully resolved. By virtue of the large size of this study, we are able to more fully assess the influence of delayed childbirth as well as other reproductive factors on the risk of breast cancer. In this study, the risk of breast cancer displayed a nearly steady increase with advancing age at first livebirth, with women having their first birth after the age of 30 showing 4-to 5-fold excess risks compared to those having a first birth prior to age 18. Consistent with other studies (Henderson et al., 1974; Bain et al., 1981) , women with a first birth after the age of 30 showed a higher risk than those who had never had a livebirth, with nulliparous women exhibiting a risk similar to that of women having a first birth in their late 20's. The mechanisms for this phenomenon remain unclear, although it has been suggested that early pregnancy prevents tumour initiation while pregnancy after the age of 30 enhances promotion of previously transformed cells (MacMahon & Cole, 1972) .
Our analysis further showed that the protective effect of an early pregnancy was dependent on it continuing to full-term, with no protection being associated with the occurrence of a miscarriage. A history of ever having a miscarriage was associated with some increase in risk, a finding consistent with several other reports (MacMahon et al., 1970a; Choi et al., 1978) . However, the excess in risk was restricted to women with multiple miscarriages (RR = 1.4 for 3 or more miscarriages). Contrary to Pike et al. (1981) , but in common with Vessey et al. (1982) , we observed no excess risk associated with having a first trimester abortion prior to a full-term birth. In the study of Pike et al., such an event was associated with a 2-fold elevation in risk, with no variation according to whether the abortion was induced or spontaneous. In our study, a short term pregnancy prior to a first livebirth was associated with a relative risk of 1.2. We did observe that the occurrence of two or more short term pregnancies prior to a first livebirth was associated with a twofold excess risk; this was attributed mainly to miscarriages since few of these older women reported a previous induced abortion. The aetiologic implications of this finding remain unclear; it may indicate that multiple short-term pregnancies have a direct adverse effect or may reflect the influence of host factors (including an abnormal hormonal milieu) in women whose initial pregnancies terminate in miscarriage. Further evaluation of this issue appears warranted. In addition, although based on small numbers, the finding of excess risk among nulliparous women who experienced an induced abortion is noteworthy.
Because of recent reports indicating that multiparity exerts an effect independent of age at first livebirth, we examined risks according to varying levels of parity and age at first livebirth. We found some evidence that women with multiple births (5 or more) had a slightly diminished risk (0.8) after adjustment for individual ages at first livebirth. This protection prevailed for women whose first birth occurred prior to the age of 30, but was not of the magnitude observed in certain other countries, including Burma (Thein-Hlaing & Thein-Maung-Myint, 1978) , Iceland (Tulinuis et al., 1978) and Brazil (Mirra et al., 1971) , the one area in MacMahon's international study that showed such an effect. At the moment, it is unclear whether these discrepant multiparity effects are due to constitutional factors among women of different populations (including nutritional status), differences in reproductive patterns, or methodological considerations.
When we examined the issue of timing of births, we found an effect similar to that observed in the international study, notably about a 15% reduction in risk for women having two or more births prior to the age of 25 compared to those with only one birth before this age. In our study, this reduction in risk was not statistically signiflcant after simultaneous adjustment for age at first livebirth and parity, and no further reduction in risk was observed with additional births prior to this agepossibly arguing against aetiologic significance. Similar to the international study, our results also showed no association with breast feeding history.
Although we did not have information on duration that children were breast fed, we found no difference in risk according to whether all or only some of the children were nursed. These findings are consistent with previous studies (MacMahon et al., 1970b ) that have failed to find a relationship between duration of lactation and breast cancer risk.
Finally, in view of a recent report linking cancer risk with infertility due to progesterone deficiency (Cowan et al., 1981) , we attempted to explore in our data the relationship of risk with indicators of infertility. In an analysis similar to that of Lilienfeld et al. (1975) , we examined risk according to interval between marriage and first livebirth, and detected some evidence of increased risk associated with delay in birth. However, the increases in risk were not linear in relation to length of delay, and it is difficult to determine whether the slight excesses are meaningful. They certainly do not explain the excess risks associated with late age at first birth, nor do they allow an effect of involuntary infertility to be dismissed. We did observe a slightly increased risk associated with a history of multiple miscarriages, a condition that may relate to progesterone deficiency (Shearman, 1980) . We lacked information on whether medical advice had ever been sought for infertility problems, and are expanding the study to examine this issue in more detail.
